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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a semiconductor device equipped with a buried 
Co wiring layer which is low in resistance, excellent in resistance 
to electromigration and stress migration, and high in reliability. 
SOLUTION: An insulating film 12 is formed on a semiconductor 
substrate 10 where a semiconductor device such as a transistor 
or the like is formed, a wiring groove 14 is provided to the 
surface of the insulating film 12, and a buried Cu-4 atX Mg 
wiring layer 18a formed of Cu film where 4 at* Mg is dissolved in 
solid is buried in the wiring groove 1 4 through the intermediary 
of a UN protective film 16 formed by covering the base and side 
wall of the groove 14. An MgO film 26 which functions as an 
antioxidiiing bamer to protect the Cu-4 at* Mg wiring layer 1 8a 
against oxidation is formed on the Cu-4 at* Mg wiring layer 1 8a. 
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OT£*ifcWCu]R2 0&O*C u-4 a t . %Mgi 
2 2£OgaS35l 4f^\cd , ;7d— ^Tdci:^^. 

[0067] ttz, zomamc*5\,*xtt* c u -- 

t. %Mg«W2 2^cpMgK?A r FHO«Cu(H: 
*K«BRLT^<fe«6, 8W5«nfciWCuJR2 0ftt 
u-4 a i. %Mg»3R2 2(i— *{k*tir, Cu- 
gmZ4t%%. E|3^. COCu-MgJS2 4(i. - 
t. %U7 : OMg*^Hg«tiTV^Cu]HT-*-pT, 
uK»cS3S^nTt^5MgOBSaSffi5fififffci 

[0 0 6 8] C^UT, 8l®?nrc^C uJ^2 0SC 
u-4 a t. %MgJ5&2 2^U7n-^n. -#^| 
*iTCuH4g«2 4*»J0cU C<7)C u -MgJ©2 
fci^TBBWll 4«®ia6iiA,-ffL*5fcft(i:, C 
-MgH2 4«BCTafWS (01 8#?S0 . 

**lfcCuMg«2 4M^&W**GMU 
2±KA*BaJrt*-«IWl 2±®±£0CuMgS 
4S:a"T i 1 6^1:^^, *LT. 

g&tfOTtfT i NfiiaBHi 6(ci-?r«t>tir^5 

^Ri4F*30^iC. Cu-MgK24J&g8W^ C 
Bg^ai 4rt©Cu-MgR24A^ft«Cu*Mg 
*SS2 4 aSrfgfirr* 1 9^5) . 
[0070] #ic, 01 3JC^T45«(*gS0^2C 
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tcJ^Si Z&j&tifrZ (02 0^*8) . 
C00 7 1] #^T\ ±£01 5lC^rrxSo^i:|5) 

CO 0 7 23 #t>T\ i:3E0 I GlZ*-fXm<D®$t® 

2&tt££$3ttt&»Bi I 2lIJ:{c, T i N&&&1 
6#j£K*f£ (02 2#*3> . 
[0 0 7 33 X^t^^Uv^*^^ g# 

(02 3#J8O o 20 
[007 43 #^T% aaSX/^y#y>^*ffl^T. 

^®^CuK2 0±tC Cujg#£4at. %<0Mg 

£ 1 0 8 5TKit^T«t>ct^6s 0% 
iMfcjta&LfcttB-CC u-4 a t . %MgPi&£Xv< 
■y^yy^SCfcKJrO, Cu-4at. %Mg?^8? so 

[0075} &Tc, C^gXA-y^yv^c^ Cu 
™4 a t , %Mg»K^Mg^A , n ? SOJiEC u&2 
0*fcfi»LTt^<feik #CujK2 0&tfCu-4 a 
i- KMgfcRJJ-fWfcSnT. 4 at. %UTOMg 

<£&^T{£~FLT^£Cu-MgJK2 4 

C0 07 6} «tex/^*yy«hft«c 40 

uJ£20&O*Cu-4 a t. KMgmKTO&X^y* 

y>^co^-y^n-^tu Httfc£*vccu-Mg« 

2 4#J8SU C<OC u-Mg!52 4*Cj:oTBfi88l 

WSfKtiS 032 4&8) » 
[0 0 7 7) &^Z\ ±S2H 1 9K^X»>Sa£|§| 
CMPS^t^ ¥ffiffc*ft&CuMg]R 

2 4sc;t i Nsasu 6 2±ffitfiwr* 

S-eWJBU tSiil 2±®±OCuMg®2 4aO : T 



rt©#KCu-MgJK2 4*3KMtf % c<OCu- 
&2 4*>5£5C u-Mgg£JS©2 4 a%Jgi£« 
2 5&5D , 

[0 0 7 83 01 3lc^¥«ft&fi<0$3 

1201 4 K^ISOlgSfcl§)8to: LT. 
oaOT£^>^x*3SO¥3WI*? «^ 

tfglMl 2*&&t% (02 6#h© . 
[0 0 7 93 #VT\ ±3£® l 5 tc^-Tl^O^ 

^tctr, y^hw^y^^m^x. mm 

±fc*&Lfc:7* K bvX K3>J*/<£-- i 

2£S3WWcx-y?->$ru 83Sigl 4%J& 
5 (02 7 #5© . 

[o o 8 03 #v>?, ±3aa 1 6tc^irx^D^ t 
sb«» 1 4 ofli^o^s^mg*^ 1 2 mj 

[008 13 #Vv^ JS^X^-y^ y >^fej&fflt^-( 

o*5 0orciaSK:iini8Uto^ a 

0?:5 0 0r©fflStc4lS»tft*^ Sft£®£D£K 
®±*C. Cu^:4at. %OMg^?g?nTl 
Cu-4at. %MgWm&i£Mt*& 0 cotf, y 
D-^ii±(;:^gi4fttc J: $a®K^tc <t ^ Tig 

•r^^fti^ saatocu-4 a t. %Mg%^s 

*^9 0 0r^:«Cu©HW[T36$ 1 085X;tCtt^ 

?$Cu^Cu-4at. KMgSiRfcX/Vy^y 
^SCtiCi:^. C a t . %Mg^C0fi£^ 
WcC^Cu-4at. %MgaKS^OT©0 
Cu^2 0*WS®I1 4rt*C7n— ffn*. 
[0 0 8 23 i/c. Cu-4at. %Mgj^£0S?g 
^•y^y>^©IB, Cu-4Bt. %MgjOR(f><0M 

Sa*Cu-4at. %Mg|g®{±-^ft^nT, 4a 

oc uR{c^^nTt^Mg©iasi«ffifiiSfck 

2 4fc^:5 0 

[0 0 8 3) WfcX^^^yv^tifejgc 
uie0MCu-4at. %MgaraK)S5SXy<-yi 

y>^oietcy7D-$n, -ftitztirc u-M g g 

2 4^rS^U C<OCu-MgS?2 4tCj:^T?E^iSJ 
4rt€«*i^7?L*at«tc, Cu-MgK2 4M 
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[0 0 8 4] #^T\ ±1201 9 lOxsTXg p] 

2±®±OCuMgK2 4S:0 : T 

P*3^)W:. Cu-MgSt2 4###;M*\ C<9Cu-M 
g«2 4^&«Cu-MgBHW2 4 at^tti 
(S3 0W . 

KJtfUf, m#>&&tt<DE88mtLT. 4 a t. 
TOMg*W8*ftT^*C u-MgEBH2 4 a*VB 
l^ftTJ50, Mg<Oitt* , Cu-MgBaSWB2 4 aO 

«Cfc«0, m«TCufcMgfc«>dAfla*>59:«M 

gcu^ Eiss^^^t^m^sw^-f. 

[0 0 8 6] *fc. 4ft0KRtnSffi$ftr 

2^Efle»i 4rtte*a&i&*ftfcCii-MgE 
«S2 4ai:©MKT i N&JSfg 1 6jWSLTV5c 
*fCJ:»J. COT i N&&£l 6tC<fc?TCu-Mgf£ 
2 4 a*<9Cu*%»gl 2*KjE«rr5Ci:*MS& 

[0 0 8 7] *fc. afc»e^(cft«4S9(*SBOSS I 

fcOTLT«Lfc«CuH2 0KfCu-4 a t. % 
Mg«e2 2*70-*«, — fWkUTCu-MgH2 
4£^j£U CcOCu-MgJR2 4{C«toTSa^l 4 
«*^ttia&A/eL«IBfc. 2£8?£<0£»D 
Cu-4at. %MgffiK2 2<?)]^^gCuO)a^tC 

vmxm^xtaz, mumzomcu-4 a t. 

Cu-4at. %Mgm&tfBU:m£Cf9Cu-4 
a i. %Mgfflffi^OTn^Cuff2 0ft?am 

1 4rttc7D-?n, -^ifc^nrcCu-M g K2 4^ 

^JSJcU COCu-Mg«4KJ:oTBWl4rt* 
7^K®&&A/£L45£#fc:. Cu-lat. %Mg j 



(ID Wm\ 1-186 

±123? 1 Ogfig^&tcfctf &*gc uJS2 0^J5S®: 
Cu-4at. %MgJK2 20riMDS£*SCul 
KfCu-4at. %M g«B 2 2 Ufc' 
M g K 2 4 <?Wim 1 4 ft^m&^JkZFptHi 

[0 0 8 9] *fe. ;*3S&^K#S4W*38E< 
OSfit^^lCitU^ ugJ2 0&tf C u - 4 ; 

W&Xrty * U >^%?73 SSX^ < -y $r y >^ 
^T«CuJK2 0JfctfCu-4a t. %MgSfi^ 
«C£fc:j:!K ±^203&£#£0^£:f3tf 

*w«ctKin^ »ecuS32o&r;cu-^ 

^^5Jlil(c4SftJ6. ±a»2 0SBfi£i£fl!>*^j 

[0 0 9 0] fcfc, **5©B!§£*^Tfct 
^OE|gfc£LT4 a i. %WTOMg*WS«t 
20 5Cuag3b^MCu-MgB»S2 4 atf/Bi^* 

GWfAg* A 1, As. Au, Be, C 
Cr, Ga, Ge. Hf, Hg. In. Li. Mn 
P. Sb, S K Sn, T K T K WiZrT'Z 

[00 9 1] 3Efc % Cu-4 a u %Mgf$&2 2 
fiEi£fcLTX^y*yv^£^T^S*\ 

tMgQ>C*>57AZ~\!:-L£%imtmfc 1 
T-mfi^^^^. C u »-y-y h*fflV*fc-<* 
-AX'V?*i:Mg*-7 , >y h*fflV^*VJ£-. 
^y*t%W»»fil 0±TMS^5^^ 

« vmzmfr *>%5£titrc c u 7SH t m g 

^^Mg76Si:^^|^S«i o±-e£S<*#; 
fl^. MgATOg**lTt^Cuia«rfflt^75'y: 

TM2^^^7jfe^. CVD^, «>-3tffi4if*f 

[0 0 9 2] $fc. g#^®{c^Lf- 2 ©m^Of 
SO u$20RtfCu~4 a t. %Mg%J^22^7n- 
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Cu«2 0SO*Cu-4at. %Mg»K2 2Jt)M*ft 

tnrccu-MgK2 4<oaa5e!ii 4 ft^<om#&&& 

TT i N$mmi 6MJ^TV**\ COT i N£3Jg yo 

i s w*> & ic, w^oft ^ »; n >m. m^> v n 

CO 0 9 4) T i N^SSJJ 6<mi&&£LTX 

[0 0 9 53 <3i3<»%mm 03 I ii*&H4)£3 

o^mBm^^^m^mst^tmmmv^. E3 

SC. o±tc(i, 4W*gfcl O^SStCfB 

<Qwmtttt£?%rzft<Dmm\zwz$ii<t\T^ so 

[0 0 9 6] *fc. C<D&*i£] 2ffifffctt. ga^gi 

4f^(0«igSD : Effi^«oT^T ] H&m 
I 6%ftLX. Cu-4at. %MgE&©i 8atfJI 

a&Scnx^So s&zgi 4«(c«w>ii*nrt^ 

*Cu-4at. %MgR*g£l 8a±tCfi, Cu-4 
a t. %MgE*£/gl 8 a*0Wt*l»jt«fcao/*y 
7 £ LT&fg*£J££ 5 n m££OM g 0£J& 2 6 #ff5 
fig^n. Cu-4at. %MgR&»] 8a»a? 49 

[0097] »k\ 03 1 tc^-rw^a^m^ 
*\ 03 2-03 8*fflt,>Ttftea*So 

IT) #B«Ufc8L c^^g^^^^oxetc^^T 

^T, *#f*g&I 0±iC*e&&l 2*JEfiW§ (03 
[0 0 9 8] %^X\ m® 1 2 ±iC7* h U^X hffj 



( 1 2 > fcKPF- 1 I - 1 8 t 

22 

tf« (03 3#8D . «*ifxr<-,* 

s*«c^t. s^cstc. HP^se&iSi 4(o&m 

Bff^CHesBtHi 2gffi±[c, T i Nft«Bl 6 
*f£ (03 4#*&> . 

[0 0 9 9] m%tf*sty$njzs>r&ZI 
T. S^^ffi^T i N^®1 6±fwCu-4 a 

C^Cu-4a t. %MgJgI 8*Vt?JSg^tl-S (g 

5 0roiSafX3 0^fffi^Myi^^ v Cu -^ 
t. %Mg*i 8*K«SeXl 4^*C7a— S^r. 
«14rt*Cu-4at. %Mg«l StCctoT^ 
&tibhVL*5tmc % L^)Cu-4at. %^ 
1 8*ffiWa<tT* (03 6^) 0 
[0 10 0] ^V^T 5 . WAtfCMP&J&flfrvc. 

JES^Si 2±ffijb«£fJ^<&St%|i«i 2±S 
Cu-4at. %Mg«l 8St>*T i N^^S5l 6 
£fc|!tef *. ^LT, fflSayKE^T i N&M 

at. %MgRl8^3Sfis?^ CcDgg^iS] 4f*? 
u-4at. %MgSl8^5Cu-4at. 
gKJS® 1 8 a%J&£-$-£ (03 7 $gg) o 
[0 10 1] 2&-T\ tagSOO'C. ^?g^J5l x 

4 at. %MgBaaBI8ate6fflS?tiTt^MgJ 
u-4at. %MgBte^l 8a^®tc^T*^^^^ 
^©Mg«:»2W(c»ftLT, Cu-4at. %M f 
fflSl 8afflDtCMgOfiH2 6*®jW-B. 
[0 10 2] C^^lofiSOS^EE 1 x i 

u-4at. %Mg8Mfl8a^mtCuA 

itttix. ^oatfta-p^s C u oxti C u o 2 (S 

rcX*;Uf-te < fc0Cu-4a t. %MgSagSl8 
tBliS*nri^Mg^Cu-4 a t. %Mg^SS 

• SC&^UiS-iijt/J^^ct^S, Cu-4a 
t. %M g E&Si 8a^ffifC^j5£^tLfcCuOXIi 
u0 2 ^-StcLT. MgOKfb^TC-*5MgO%^c 
£e C?tr, Cu-4 a t. %Mgmm\ Sal 
tC*^TMg«WR^(£«Kt*tu MgOfiW2 6A^ 
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[0 10 3] Cu-4 a t. %MgE&®l 8 a 

W&t1&sbTW^$><D^ COM g 6li&?g£ 
2S*tHtefcJR"?**e:fcj&*&. Cu-4at. %m 
gBa®«5l 8a£9ltft£&itr*£i6<^y7£LT& 
ffetZ (B3 8#*3> , 

[0 10 4] OJiOi: i U:&3mmu:&Z}m&g& 
KJtitf. iS^^^OSEiaOtLT. 4 a t. %© 
Mgtfl^^nTV^C uSta*S£*Cu-4 a t. % 70 
MgKlgffll 8 a)WB^5nTV*cfc(eJ:9. $f;E 

1 4 Pi<Dm&xf&nixtnmm 1 2 <ts^^ 1 

4^cm^ttitzC u-4 a t. %Mgafi&®18a 
[0 1 0 53 3©^ Cu-4 at. %MgKt9)Sl8a 

©wb*i»±r*fcW)^y7fcur«W"«Mgos 20 

K2 6#Cu-4at. %MgElffil8a&£$ah> 

T^£C£tCj:tU Cu-4 at. %MgKSaSl8a 

[0 10 6] *^ «w^^w^sco^ 

LfcCu-4ai. %MgJKl 8^r«y2yiti:ioT7D 

-£tfTE&&i 4 rt^^tc^ii^^oi 

COCu-4at. %MgJR2 8QiWb9l!C uOI9fcj£ 30 

-Va^OfiT^C u 650iBS4i;4l»jtt5C: 

[0 10 7]£tC, Cu-4 at. %MgBE$a®I8a 
M g 2 6 £rf&f£f 3!£tC. Cu-4 a 

t. %Mg£&ll 8 a£B»£ftTO*MgOR{tto 
^Ol^g&x*;^— tfCu-4 a t. %MgElS 4» 
J5 1 8 a <D±f*£&f C u QiffHt^emg&x* 
;l^«t»/h*i*c.fc*y&, S&5 0 01C, 

Cu-4 at. %MgE8ag!8a£ffifc#JIS^T<fc 
Mg«B»^WWftCfcOTriWllcMfe^ Cu- 
4 a t. %Mg£J£@l 8 a_LgLBcMgO&J&2 6£ 

[0 10 8] 43feM0B©*CiWr v ni, 



ti, Mg^»)fC, WUTAK As. Cr, ■ 
Ce, In. Li, Mn, Si, TL XC±Z r* 

u s^ao^^^f c u <Dm\$8&$.vm& g e 

[0 10 9] CCT, Cn^CC^OKTtlfeSo 
S^X^/U^^/J^BSfifitC-pV^Tfi, Swa ] ; 
S» rB«E<0«to^fj (p. 88-p. 8 9, 3t 

eoftbofc, «*tf a 1 1 03 , c r 2 o 3 , c 

Os „ C e O2 , I n2 O3 % L i 7 0. M g 0. 

O2 , S i 0z , T i 0 2 SKttT iz 03 , 3 

rOz £fc£ e tUT. cn&Oatfkttrfe. MgC 
2 6 tfnjft^ CuKS8SOitfl:«5±-*-S 

[0 110] C u-4 a 1. %MgR*$3 1 

a®*S3MgO&&2 6^fitr^Pg£OS^2!V^ 
ti, S&5 0 0*C. &^E3i*tC;fetf£S&£#£ 

1 0- s TbarT'£$, CtUiS^ 5 0 0*CtCfeV>TC 
a*M g^^t^m^n^¥fe"K^jKLbO 

[0111] w*tf* Ms oortcffi&ffi^©. 

Icfet^T. Cu-4at. %MgB5^/Sl 8atcE& 
oT. Cu-4 at. %MgE*g®] 8aO±^. 

*tcfet^r3Saffla*ffoT"feJ:t\ Cu 
at. %MgB^lSi 8a^±^^-rCufi^t 

ti^>~y3\c^X. Cu-4 at. %MgEISS 

WSKW=», Cu-4 a %MgB^gl : 
a5ffitttMgOO*iy4«*tl. MgO*fl52 6A? 

[0 112] BfStDiSAKteC^T, C t 

4 a t. 96MgBSOTl 8 aOi(*%^-TC u<0»{ 

IXf ^ro!IWaiI*tTli\ Scl^TCu-4 a t. 9 
gE8JBl 8a^S^?nTV^Mgc0fe{bbT ff ^ 
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*i4fc*e>„ Cu-4a t. %MgR&Bl 8a^®tcti SHKintf. SHE^ttEM^©^& < fc- 

cc-c; cne^osffc^ascwi^aiti. swa i i n cuks^m. «»ttTOCuoiBWu:»>M 

5?. reSflctoafeb^J (p. 8 8-p. 8 9, 3attt ^TV^Cfctei?), C uft»5§5 C u8S8 

[0 113] tfz. Cu-4at. %MgBl8®Jg& «B«eaW*C t*^*5fcft«C. ^1669$ 

fc£LTX>^y?y>y&*m^T^**V X/<-y£>J 1-*JBK* «C ufcBafcttfc-rStteJ^feffil 

jgWtftoSK, Wfctf C u Sx*-e-Afc ^OC u B^iS^JS46i^%^7 9 C ojlfr c 4 

Mg<DW*>4r^X^-t-Ai:**aW*fifil 0±T? CO 1 1 8] Sfc* a^2£ft&¥3{*£Bl;:J: 

ssanrtarte^ c u *-y 7 tr- i& M9^aKttm>^% < t t-^otemso 

y-y h^^L^WU-^s^Mg^-y-y h If. £J&E±ffi;b<gKU&it^ *>£Jg^ <t o T&bft 

*ffl^fei^*frri^->3>t**aw»«i o±t sets**), c uKB»±ffio»fbE»TO±irti5 

%Mg« l 8£xn-£#Te$ai8l 4 rt*r5&c£A6 50 Co 1 2 03 fsra4t<:a*4*8{t&acj: 

^ Ms<o3mit^mm^PKis^zmm^^T^ tic* sfSBLXfiEf^rt^* < t t-^c 

Ja\ C^^tcii, Cu-4at. %MgKl80K &*^C ufi^*^fi5Lft^£(t5KHJ& 

coiis] tit. Emm 4ftyanM&snfcCu- ^£§j§tc^fi£t£c£*^&tc££* 

4 at. %Mg83f®Sl Sa£:&l§©l 2 t<om\zft& Co l 2 1] Sfc, 3fcW5*c1**^*aetca:i 

£tf£&£LTT i N£SBl 6*JBt*Tt^*V T J tf. ±£2S#« 1 Xtt2Jc«S*»ftSatcisc^r, 

NfiOTl6teH2Stt*t>©"Wi4<. Cut££tf uBKc^JftTPSTOOTC^tfA g* Al, A 

t\ Cu-4at. %MgEfc«l 8a£tfe&Kl 2b 40 Au, Be. Cd, Cr, Ga, Ge> Hf, Hg. 

0»JBS^Cu-4 a t. 96MgfiaSSl 8 a^OC n. L k Mg, Mru P. 5 b. Si, S ru T 

^>yxx>«5. sifb*-*^^y^>tt. ^>yx p^c, «cu%raawfcrai&&j:otifi^oH 

[0 I 1 63 T i NiSS^l 6iOJBfi)^^tTX CO 1 2 23 li$JS6(cff^¥9ft%15(cj:^ 

/<y^y>yffi*fflt^n^*\ x^v^yyy^KK tf, cuHtfflitjnrt^sfsoTSgoKfiittiA^ 

^tn$tOTti4<, WAtfCVDS^fflt^TfeJ: A? 1 2 O3 . C r 2 Cb , Gaz O3 , G e O? , h 
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Oi „ L tz O. MgO, MnO* , S i O2 , T i O 
0. ±3£©A I#<07W*W*SnT^*CuJ»&4 

c©c ujg*&&3lK j: 0 V7v-LX&mjtlt&& 

©sat &m^^(omm&£Z7mifc&zis<c 

[0 1 2 43 S^SKfiS*^*^©®^ 
0 U 7 c- L TmHLXftHBM©^ < £ fe-^jc 

■«^C uK*Jft« LT, c©C uB^^?LX(iag|a^ 

c © C u £©&&^ttER«rt©d>* < t -tf^s© 
JI£>iy*£;!>* 1 rxoJMlz* <*Tm&tizr& C u 

y i^y 3 >Kti&^ h VT^^yv — i/3 
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CO 1 2 53 3$99fc&S3WtiMa9£3£ 

5&£2©Cuffi«fcOt<g^©fe©*fiyrr4Uf, & 
*£?LXfiE&«F*?©'>fc < t t-^KS*a*nrc» I 
©C uB**€>4*£gU5€£2©C uB©JW* 



CO 1 2 6) $fc v 0tCft*¥4|ft$» 
JftfiT £ 1 (DC ut^^^^^^i 
CuXO t ftV ^ 2 © C u B^riN"*: 

o*cn*>£ 1 $g 2 © c u i&zmimic <t 5 y 
«©***>!>£, mii^ws. ai< 

BU:^ ^©7c«*'Sig? tifit^A^ c u J: 0 * 
552©Cu#^fi!tLT. cnSSn&Dlg2©i 

0, ^2©CuK©fiSSt^i&i>^2©CuSI<5 

[0 i 2 73 tit. 13^1 i (cM¥«(tSB0r 
cti6.©*lZktf352©CuK«ajQJlfc:j:(7y7 

g©f^bt)(c. 4^^fe^^t^^e>. 
tfs, ^i©cuS±icRfT^©^A^®rg^ma^ 

30 u^©fi£©Xgfcm 1 RU^2©C uJ^©^7LZ ( 
^»P*3©^>4< i: t -^©ili6^i^i t 

*\ JJ2383CT7©«^cuKa)s<tt»tiaa«i* 
[o 1 2 83 *te. 2tc«5^i*aia©i 
*ws«nr^cu«i;©2jf«sssfc«rc86. b 
co 1 2 93 ^rc. 3tc^s^<3jc^s©s 

» S©8L ^IXtiB^S©^^ < 1 1 -^^SS 



APR 17 '02 14:46 FR IPLPUJ E FISHKILL 



914 892 6363 TQ 917033053432 P. 3! 



BEST AVAILABLE COPY 

C 1 6 > WW 11-18 6 

29 30 

imzmo c u $tmfi±m<D&mj&%B&t zjm^m im 4 3 0 1 <o¥m&$m<o'& \ <o$t&j3&zm 

j^sixiiBeiasfl©^ < t ^-^wb^tir^ [05301 <wmtmm<D$i 1 ©s&s#?£*ftf 

sBWSA^iesJK^oc u&wm&tm±2ti% /^©igtffSH (^©4) 

fc«K <I1ftS©SV >if£>i^7j3;cQ C u ElSWS^H^t" [063 01 ©¥£ftga©£ 1 ©££fi#f£*5BJ 

fc4£>©XH»Fffi0 (*©5) T*&* 0 

co i 30] ^^i 4fcft*4Wt&&©£&& CH73 Hio^imagBos j <m&m*m 

sfeiitnfcCuiE^^flrt-^xs^ c©c u ess] 0 1 <r)*mv£ga<vm z <rm&m^^m 

m±xfi<Dmjm±-£tx. &mm<o±&tm±ztiz tcv><oxmffi® (*©2) t$>* 0 

fz#>. hP7^^Wi/ 3 VKt4&£fX [010] 01 ©4W«tt©#2©SfiS£i£M 

h >im^«n/c^tt^Ki^ *rc*>©iii*rffi0 (*©3) t-£5. 

v&jt&o c uSBiga^i^-rs c t [011301 ©¥w#gs©35 2 ©sbks«i 

[0 I 3 I] 23*3*1 5{C#*¥$tt&B©g£g £fcfc©Xg»rS0 (^4) 

J5i&c£tui. &m±M±^i&m±R<Djm*B& [012301 o^mmm^zcos^m^ 

r*xfi*v wtfww©weax*;v^wBOT ^rc^isfr®0 wo 5) 

©£#££* C u <fc 5 fc/hSc^»fi£©7C**W?0$i:» [0 l 33 2 ©l&3&^tc<£.S¥^#3 

II§Tfc£c£fc:«fc9, CuBHBK:lB»*hT<f**flr [01 43 01 3©¥#{*gSS©£ 1 <D$l&Jjm 

&<D7&<offlkfo£&<DE&&&x*ji¥-tK uffl& -rzrc&ojimimm (*© i ) Th%>* 

mz>±&*ZirC uVffim&£<08®S&X-*jl¥- [0153 01 3WW^ 1 ©8fi££i£* 

iOfc'WV^i:*^ C uEOT±ffiKJB^TCu© 1"**:£©XfI#Tli0 W©2) 

<fc i&S£#r£©7t&©&{fcfer# [0163013 omga^ i (DW&tt* 

£J5£*ft£fcA&. C©^©7ESfc0l|flrffe**&fc5ftfl; -T&fc£>©XfI#rffi0 (^3) VZ>2> a 

ffi±m<V&J8Z C uB3M±aif<:SM:$j£4-$ Ct& [01 73 01 3 ©¥3*ftgE©35 1 ©££££££ 

[0 1 3 23 S5#Jgl 6(Cg*¥«{*gB©£g£ [0183 01 3©¥$&£E©£ 1 (DWgfrm* 

3*i£fcJ:tU£ EIW±^KSWb*liJS©^*:J&tf jo «rca©Ig*?BBH (fOS) T-fc* a 

i-*xg*^©?g^w^©¥«i^E«r*'£ [0193013 o*wwasosB 1 ©g8££££ 

£ ©¥ffil6g*«tfj?r£©2&g M>l ^T3f*OTaK>» [0203 013 ©Wftg3©3? 2 ©££££&* 

w c u ©»( w^?n*?iii«»EaTT?*s [0213013 ©¥$<*ga©£ 2 ©m^£ 

*2M"*cfc«cJ:!K ^©*a&&tmr£©¥&I^ ?%Tz?><DJ3mgm (r©2) 

»ff*^*ittlMW^W*fWaacj:-3TC u [02 23 01 3 ©^#gB©£ 2 ©£&&£££; 

f t»^Jfi* tl*-»T?. C u K^Oi^^-T C u [0233 01 3 ©¥#<*g{H©35 2 ©SBg£j*i&; 

&mt2txf. *©BfBteW£j«ftto*fca&, cue rsrc^xsfFE0 c*©4) t-&£> 

^J^£ttm£©^©^l^©#*>t£jgt£n, CO [0243 01 3 ©#«?#gB©£ 2 ©£!ig7?i££i 

m^©7r^©SHk^^ e> ^ £ wah±m<Dffls&:®% iz tzfc&<Dxmm%\ (*©5) 

&&t*cttw** 9 [02 53 01 soaw^Bo^zoafiszris® 

[BllB©ffiWftlff9Q -T*/ii6OXe^0 («>6> ^feSo 

[0 1 3 *mi<om 1 oi^KSK^^^^B^ [0 2 6 3 0 1 3 fi»w^B©^ 3 <o£G5£&%i 

[023 01 O^^ga©^ 1 ©»5ft»tt«-gR [0273 013 ©¥^^S©^ 3 ©Sii£^1£^1 

[033 01 o^ai^so^ 1 ©sag?K^^r « [02 83 013 <&mttim<oM 3 osGi^^i 



APR 17 '02 14:48 FR IPLAU E FISHKILL 914 692 6363 TO 917033053432 P.3< — . _ ^ ^ 

^vMiiuXBLE COPY 



(17) 



*#B8¥ 1 1-18 6 



31 

[02 9] 01 3^D^<*^^3^SSa&??S^^ 

U3i] *m}<o&3<omffimc&z¥w&m* 

[03 33 S3 1 \zm+!m#^<ow&mzmi'* 

[03 43 S3 1 ic***m#m<Dim7:mz3&nt 
zrz&Dxmffi® (^03) 
[S3 53 ®z i&m-^ftmomfi&zmst 
zrc&DJM*m& (-to 4) 
[S3 63 03I tmt^tmzvmx&mwt 



J2 



[H3 73 @3 1 ^t^mmtmo)®j&5&*i 

[03 83 03 1 tC^t^f^K^S^S^rl 
^fc«>^Igaff2fiB (*©7) T*&*. 



1 0 
1 2 
1 4 
1 6 
1 8 
1 8 a 
20 
22 
24 
24 a 
26 



£885 

T i N&itK 

C u-4 a t . 

C u-4 a 1 . 

C u — 4 a t . 
Cu-MgS 
Cu-M 
MgO&K 




[023 



. 1 2 



1 0 



[063 



10 rwrsc 

1 2 
1 4 

IS T 1 NftH 

ISA Cu-4et. VUjfififl 




[033 



[043 



1 4 



1 4 



nirLiri., 



T_iTl ^ ft 7 



. 1 0 



RPR 17 '02 14:49 FR IPLPU E FISHKILL 914 692 6363 TO 917033053432 P. 3' 



8 EST AVAILABLE COPY 



(18) 



1 J - 1 8 6 



[S53 



V / "K^18 16 18a 18a 16 

Vf! I II <4£\ M » » J » J J H ^ J 2 (ZSSZJ PJJJJ>»fl 



-12 



. 1 0 



.1 2 



. 1 0 



[01 0] 
14 14 16 



,10 



£01 23 

1 6 1 8 a 1 8 a 1 6 



.12 



. 1 0 



C093 



14 3 4 



n_Ln_in , 



- 1 0 



II 13 




[SI 43 



. 1 2 



. 1 0 



CH2 03 



APR 1? '02 14:49 FR IPLALJ E FISHKILL 914 G92 6363 TO 917033053432 P. 31 



(19) 



BEST AVAILABLE COPY 



tt&W 1 I - I 8 ( 



mi 3] 

lft 24a 24% I6 




1 4 



■ 1 0 



II 5j 



14 14 

* r-, <, 



12 



• 1 0 



10 ***** 

1 2 

2 6 T 1 N«U 
24« Cu-MsCAN 



n 6j 



niriirf, 



1 0 



(SI 83 




n 73 




[SI 9] 
16 2 4a 2 4 a 1 6 



. 1 2 



CS2 4] 



1 0 



RPR 17 *02 14:49 FR IPLfiU E FISHKILL 914 892 6363 TO 917033053432 P. 3' 



8EST AVAILABLE COPY 



(20) 



1 I - ] s i 



32 1] 



14 14 



1 1 1 0 j; 



,10 



[02 2] 



i 6 



. 1 2 



. I 0 



CSI2 3] 




-20 
^16 

. 1 2 
. 1 0 



C@2 5] 



1,5 24al6 




,1 2 



[02 6] 



-1 2 



. 1 0 



[02 7] 



14 14 



rLLriiri 



[02 8] 



14 14 



1 6 



[02 9] 



jut 



-24 
<\ 6 



1 0 



APR 17 '02 14=49 FR IPLAU E FISHKILL 914 892 6363 TO 917033053432 P. 4: 



(22) 



BEST AVAILABLE COPV 



If 1 J — 1 8 f 



[03 7] 
16 18 a. 18*16 



[03 8] 
3« 2 6 



- 1 2 




16 18a Hji, 



1 2 



